off the coast of Sumatra, in the Indian Ocean, was generated by a megathrust earthquake of magnitude 9.3 on the Richter scale, and felt worldwide (Fig. 1A; TITOV et al., 2005) . It was the longest-lasting ever recorded in history, of around 600 seconds, giving rise to a 1,500 km long failure in the seabed (NIO, 2011) . The earthquake produced the largest trans-oceanic tsunami in over 40 years, and killed more people than any other tsunami in recorded history (NOAA, 2010) , in Indonesia, Sri Lanka, India, Thailand, Myanmar and Somalia. According to Titov et al. (2005) , the recorded worldwide effects revealed the unprecedented, truly global reach of the waves generated on 26 th December 2004. Its effects were clearly observed nearly two days later in the Itajaí-Açu estuary, on the northern coast of Santa Catarina State, about 15,000 km away from the epicenter (Fig. 1B) .
The phenomenon called "tsunami" is constituted by a series of waves, of long wave length and period, generated in a body of water by its violent displacement. It may be generated in an ocean by earthquake, volcanic eruption or landslide. Earthquakes in major subduction zones can produce giant tsunamis like the Sumatra one (DALRYMPLE et al., 2006) and, more recently, that of March 11 th , 2011, in Japan. The waves can cross the ocean almost unnoticeably, but when they approach the continental shelf and coastal areas, their velocities decrease leading to an increase in their height due to energy conservation. The Sumatra tsunami generated wave amplitudes of the order of 3 m around the Indian Ocean, far away from its epicenter ( Fig. 2A) and which arrived attenuated off southern South-America with an average height of about 0.6 m (Fig. 2B) . The Sumatra tsunami was particularly felt on the southern Atlantic shores of South America, since the mid-ocean ridges guided the wave energy as shown in Figure 1 ( TITOV et al., 2005) . The observations of the effects of the tsunami on the water level were reported locally by Dragani et al. (2006) for the Rio de La Plata estuary, by França and Mesquita (2007) for three gauges on the Brazilian southeast coast, and more extensively along the Atlantic shores of South America by Candella et al. (2008) , among other unpublished reports found in http://nctr.pmel.noaa.gov/sumatra20041226.html. The observations agree basically as to the time of arrival of the wave trains, despite the time uncertainties found in the analog records furnished by most of the records available (CANDELLA et al., 2008) .
This study presents the observations of the effects of the tsunami on the Itajaí-Açu water level recorded with a digital tidal-gauge at 10-minute intervals, located nearly 1.5 km from the estuarine mouth (Fig. 1B) . The tidal gauge was an operational one belonging to a dredging company (Vanoord/Somar Ltda.). In the early morning of December 27 th the Iguazu dredger had started its operations on the lower estuary when the captain reported to the project manager on the strange behavior of the currents, strong anomalous vortices in the channel and sharp changes in the tidal gauge signal transmitted by radio. The project manager also reported water overtopping the Saco da Fazenda groins, never previously witnessed. The project survey team visited the tidal gauge station to investigate the problem and realized that something unusual was happening, then the computer recording the water level signal was set to 1-minute intervals, thus providing a valuable visualization of the tsunami's effects. Figure 3 shows the time series of (A) hourly wind vector, (B) observed, filtered and predicted water level, and (C) water level residuals, during the period from Dec 26 to Dec 29. All temporal references in this note are in Coordinated Universal Time -UTC. The tsunami signal was described on the basis of the observed water level records by filtering the series with Fourier high pass filter in the frequency domain, with cutoff at 180 minutes, thus eliminating the fluctuations above these limits. The cutoff frequency was chosen in the light of the visual inspection of the time series and of the results of the wavelet decomposition undertaken by Titov et al. (2005) . The filtered signal was subtracted from the observed signal to provide the above-tsunami-frequency signals, both the tidal and the sub-tidal ones. The predicted tidal signal was calculated based on harmonic constituents determined by tidal harmonic analysis of 6 months of water level data, using Matlab routines in accordance with Pawlowicz et al. (2002) .
The wind time series is presented here to show that on days Dec 27 and 28 the winds were northerly and relatively strong (Fig. 3A) . Northerly winds and the resulting Ekman transport induce a fall in the coastal sea level in the region. Applying a predictive water level model based on wind/atmospheric pressure response , a sub-tidal sea level fall of the order of 0.1 m was expected under these wind conditions. The Itajaí-Açu river discharge can also affect the lower estuary's water level, although only when it is above 1,000 m 3 s -1 . On 26 to 28 Dec, as well as on the preceding days, the river discharge was of the order of 150 m 3 s -1 . The observed sub-tidal water level on Dec 27 and 28 was about 0.2 m above the predicted water level. Adding the meteorological forcing (-0.1 m), the sea-level rise caused by the tsunami was of the order of 0.3 m. The water level set-up was not reported for other sites, although it can be distinguished from the records presented by França and Mesquita (2007;  Figure 2B ) and Melo and Rocha (2005) , but not in the records presented by Dragani et al. (2006) for the northern coast of Argentina. The tsunami arrival time was taken to be that of the first steep rise in the water level with height above the pattern of the local seiches observed on Dec 26 (Fig. 3C) . The tsunami arrived at 23:48 on Dec 26 having occurred off Sumatra at 00:59 on that same day, thus the time elapsed was of 22 hours 49 minutes. The highest wave was recorded at 10:55 on Dec 27. The wave height was calculated using a 60-minute running window over the data, to find the maximum and minimum values of the residual water level, as well as the variance (Fig. 4A and B) . Based on this procedure, the highest wave was of 0.89 m. The local mean tidal height is 0.8 m (SCHETTINI, 2002) , which gives a nearly 1:1 rate between the tsunami's and astronomical effects. Figure 4C shows the wavelet energy density spectrum (e.g. GRINSTED et al., 2004) performed over the water level residuals (Fig. 3C) . The wavelet results highlight the complexity of the pattern and wave interactions, showing energy peaks at two periods simultaneously at many instants. The tsunami water level disturbance presented an increasing wave height pattern during the first half of Dec 27, decaying during Dec 28, but still showing some disturbance of small magnitude on Dec 29. Figure 5 shows the 1-minute record overlying the 10-minute record to illustrate the complex wave behavior and the effect of frequency sampling (e.g. CANDELLA et al., 2008) . The analysis of Figure 5 and the wavelet spectrum for these data brings out the variable duration of the wave period (30 to 52 minutes), the wave height (0.15 to 0.77 m) and its approximately 2-day duration.
The general wave pattern is approximately similar to that of the other relatively close records (FRANÇA and MESQUITA, 2007; CANDELLA et al., 2008) , with the arrival time matching that observed by Ubatuba (23:38, SP, Brazil) and Rio de Janeiro (23:20, RJ, Brazil) gauges to the north, and La Paloma (23:45, Uruguay) to the south, although nearly 40 minutes earlier than those recorded by other gauges (00:30 at Santos, 00:48 at Cananéia, 00:30 at Paranaguá). The time of the arrival of the highest wave varied greatly between the records. The time of maximum height is most probably related to the highly complex wave interactions in shallow waters, affected by diffraction, refraction, reflection and interactions with currents (PUGH, 1987) . This pattern seems to be related to the topographical effects and transformation processes which affect these waves. According to Titov et al. (2005) , the duration of tsunami and maximum waves arriving later in the first wave train demonstrated an increased input from waves that reached the gauge locations after being scattered or refracted by shallow submarine features and reflected from the coasts. They also argue that, in the case of topographical effects, the multiple refraction and slower propagation of waves constrained by midocean ridge wave guides (such as the Mid-Atlantic Ridge) led to both the later arrival of the largest amplitude waves and the prolonged duration of tsunami activity associated with distinct bathymetric features. Fig. 4 . Time series of (A) wave height and (B) water level variance from 60-minute running window over 10-minute water level records, and (C) zoomed wavelet density energy spectrum applied to the water level residuals (Fig.  3C) . The cone of influence appears only on the far right edge of the panel. No direct major damage has been reported in the Itajaí-Açu estuary. However, in the Camboriú river estuary (e.g. SIEGLE et al., 2009) , about 20 km south, damage to boats moored in marinas and one case of a boat's being overturned were reported in newspapers. Considering that the Camboriú estuary is shallower and located within a coastal bight, it is likely that the tsunami's effects were amplified there. The Itajaí-Açu estuary is a narrow system with a mean width of 200 m in its lower reach and tidal currents of about 1 m/s . There is a very active port straddling the estuary, accessible to Panamax sized ships. It was providential that there was no large-ship movement on Dec 27 or 28, as it might have provoked a local catastrophe, at least in economic and social terms. As an example, in the late 1990's a container ship ran aground in the estuary mouth closing the harbor for nearly a week. That incident was due to extreme river discharge associated with a storm surge and storm waves. In the case of the 2004 tsunami no warning was emitted. Even though there have been a sequence of huge trans-oceanic events during the last three years, including Samoa (2009 ), Chile (2010 and Japan (2011), ocean basin scale tsunamis are rare, occurring at an average of 10-12 years in the Pacific (NOAA, 2010) , and even more rarely in the Atlantic, local port authorities should be aware of such a risk, as the present case showed.
